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Abstract 
Composite membranes based on Nafion blended with phosphatoantimonic acid (H3) exhibit high 
conductivities associated to enhanced thermomechanical performances as compared to commercial 
Nafion 117 ®. The preliminary tests performed on MEAs based on these composites membranes allowed, 
for a given content in H3 i.e.10%, obtaining improved polarization curves as compared to the pristine 
membranes.  
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1. Introduction 
Except in view of operating Proton Exchange Membrane Fuel Cell (PEMFC) at high temperature i.e. 
much higher than 100°C, PEMFCs membranes consist of thin ionomeric films. When such membranes 
operate below 100°C and typically around 80°C, their conductivity depends on several factors, namely 
and non exhaustively the  ionic exchange capacity,  the IEC, the strength of the acidic functions that 
governs their dissociation, and the water uptake. Indeed, due to its high dielectric constant, its high 
Acceptor Number AN and its fairly high donor Number DN, water favors the ion-pair dissociation, 
increasing the concentration in protons. Additionally as the intrinsic ionic conductivity of such ionomers 
is negligible, water ensures the proton mobility via a vehicular mechanism. Perfluorosulfonic acids PFSA 
ionomers bearing acidic functions that are, at the molecular scale, superacids are highly dissociated. 
Therefore membranes based on PFSA do not require a high IEC to provide high conductivities [1]. 
Conversely ionomers alternative to PFSA must reach high IEC to approach the conductivities of PFSA.  
Indeed they are mainly sulfonated high performance polymers based on e.g. polyethersulfones, polyether-
ether-ketones, polyphenylene oxide. The aryl sulfonic functions, although much more acidic than the 
carboxylic, phosphonic or even alkylsulfonic ones, are however markedly less acidic than the PFSA ones. 
The non dissociated ion-pairs of these arylsulfonic acids remain hydrophilic resulting, at high IEC, in 
high water uptake leading to high swelling rates that are detrimental to the mechanical integrity of the 
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membranes. It was early proposed [2] to use composite membranes obtained by blending ionomers, in 
particular those based on sulfonated high performance polymers, with fillers, in particular inorganic fillers. 
Our objective was double (i) contributing to the water uptake by using highly hygroscopic fillers and (ii) 
decreasing the IEC of the ionomers in order to avoid too huge a swelling. Blending a sulfonated 
polyethersulfone with 2 highly hygroscopic fillers an acidic one, the phosphatoantimonic acid and a fairly 
neutral one i.e. a clay [3] we observed that despite similar water uptakes the former led to higher 
conductivities. It was therefore inferred that H3, which is a strong solid inorganic acid [4, 5], contributes 
by its acidic protons to the overall conductivity of the composite membrane.  As the PFSA IECs are much 
lower a too huge water uptake must not be feared. Conversely, it is well-known that due to their 
hydrophobic perfluorinated backbone, membranes based on PFSA ionomers suffer hydration problems 
above 80-90°C. This contribution reports the effect of H3 fillers on Nafion Performances. We must 
emphasize that many papers deal with the use of composite PFSA membranes [6-8] but, to the best of our 
knowledge they did not report on H3 composites. As H3 has outstanding stability and intrinsic 
conductivity performances, we selected to focus on Nafion-H3 composite membranes. This has required 
developing a reproducible elaboration process paying, in particular, a great attention to the H3 dispersion 
through the thickness of the composite membrane. The composite membrane performances were assessed 
by mechanical, and physiochemical characterizations i.e. conductivity and XRD diffractions as well as 
SEM analyses to check the homogeneous dispersion of the fillers across the composite membranes. 
Additionally, swelling and drying tests were also carried out on the composite membranes.  Last, MEAs 
were tested using a characterization test bench. 
2. Experimental part 
2.1. Nafion dissolution 
To prepare composite Nafion membranes, it is indispensable to dissolve Nafion.  Nafion 117 films 
supplied by Aldrich® are dissolved according to the following procedure. The film is first cut into small 
pieces that are immersed in a 2M aqueous solution of LiOH to convert the SO3-H+ into SO3-Li+. After a 
washing into deionized water until a neutral pH, the neutralized Nafion is put into a stainless steel reactor 
vessel, containing an ethanol / water mixture (50/50 by volume), and heated at 250 ° C at a pressure of 30 
bars for 6 hours. After cooling, the solution is filtrated through Whatman PTFE filter of 0.2 microns. The 
filtrate is then freeze-dried at -110 ° C for 12 hours. The resulting Nafion powder is then treated with a 
2M aqueous solution of nitric acid to regenerate the SO3-H +.  After filtration and water washing until 
neutral pH, the acidic Nafion powders are dried for 12 hours. These Nafion powders are easily dissolved 
in Dimethylacetamide (DMAc). 
2.2. Elaboration of the composite membranes 
H3 filler being insoluble in DMAc, H3 powders are incorporated to the Nafion solutions. The mixture 
is then placed on ultrasound bath. The viscous dispersion obtained is the casted into a Petri dish and is 
heated at 80°C for 2 days to evaporate the solvent.  . 
Afterwards, the membrane is heated at 150 ° C for 1 hour and, is treated in a 
2M boiling aqueous solution of nitric acid for 1 hour. Then the membrane is immersed successively in 
several deionized water baths in order to fully remove the nitric acid. 
2.3. Dynamic Mechanical Aanalyses (DMA) 
Measurements were carried out using a DMA Q 800 spectrometer from TA instrument working in the 
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tensile mode, the strain amplitude was fixed at 0.05% well below the limit of the linear viscoelastic 
regime.  Measurement of the tensile storage modulus E’ was performed in isochronal condition (1Hz) and 
the temperature was varied between 20°C and 250°C using a temperature ramp of 2° C.min-1. 
 
2.4. Conductivity measurements 
The membranes were sandwiched between two stainless steel electrodes. Impedances were determined by 
electrochemical impedance spectroscopy using a Hewlett Packard 4192A spectrometer in the frequency 
range 5Hz – 13Hz. The measurements were performed from 20°C to 90°C at a constant relative humidity 
of 95 %. The temperature was equilibrated for 12 hours before each measurement. 
2.5. Scanning Electron Microscopy (SEM) 
SEM observations were performed on a LEO S440 SEM instrument. Both membrane sides were observed. 
2.6. Swelling and drying tests 
Tests for swelling and drying of the membrane were performed with a scale METTLER AE100.The 
initial weight of dry membrane was determined then the membrane was immersed in distillated water and 
weighed every 1 min until its weight becomes constant. For drying, we took the weight of a wet 
membrane and then we placed it in an oven MEMMERT and followed the weight decrease every min. 
2.7. X-ray diffraction (XRD)
The composite membranes at different percentages of H3 as well as Dupont Nafion 117 were 
characterized by  XRD to check that the crystal structure of the H3 powder [4] is retained in the 
composite membrane and to have access to the inter-lamellar distance. The 2θ angle was varied from 2 to 
65°. 
2.8. Polarization curves 
For the polarization curves, we used a cell Paxitech of 5 * 5 coupled to a biologic FCT-50S. The MEA 
tests were performed under the following conditions: gas stoechiometry H2 (1.2), O2 (1.6) and gas flows: 
O2 (300 ml/mn), H2 (120 ml/mn); Relative pressures: 1 bar both for O2 and H2. The equilibration time of 
the membrane was 2 hours, and the time between 2 measurements was 15 mn. 
3. Results and discussion:  
3.1. Membrane elaboration 
Due to the high density of H3 it can be feared that most of the H3 fillers concentrate at the bottom of 
the membrane during the film casting elaboration process. We paid a great attention to avoid the 
heterogeneous dispersion of H3, using, as detailed in 2.2, ultrasound bath. 
3.2. Conductivity data 
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 The conductivities of the composite membranes at different H3 concentrations are compared in Figure 
1. They are also compared with those of commercial Nafion 117. As the composite membranes are 
prepared from a solution of the commercial membrane, we also compare the conductivities with those of 
Nafion prepared by the film casting method from a DMA solution (Nafion lab). Commercial Nafion 117 
provides the highest conductivities. The lowest ones were obtained with Nafion lab. As the Nafion 
dissolution protocol is not aggressive for a PFSA ionomer it can be inferred that Dupont elaboration 
process enhances the conductivity by optimizing the chain structuring.  As for the composite membranes 
their conductivities increase regularly with the H3 content but remain lower than those of the commercial 
membrane.  
Figure 1: Comparison of the conductivity plots vs reciprocal temperature (RH=95%) 
3.3. Thermomechanical behavior 
The thermomechanical performances of a PEMFC membrane are essential to allow the membrane to 
be shaped into thin films. Such a thickness decrease allows, provided high enough conductivities are 
retained, decreasing the membrane resistivity.   
Figure 2: Comparison of the storage modulus of filled and unfilled Nafion membranes. 
 
The performances of the Nafion lab membrane are markedly lower than the commercial one, the film 
breaking soon, confirming the membrane structuring resulting of Dupont elaboration process.  
Nevertheless the composite membranes, which are based on the same Nafion lab, exhibit a neat 
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improvement of the thermomechanical performances, in the whole temperature range with a storage 
modulus gain close to ten at 110°C.  This improvement, which should allow decreasing significantly the 
membrane thickness, comes with a conductivity increase. Therefore, a substantial resistivity gain can be 
expected both from an optimization of the filler content and of the film casting elaboration.   
 
3.4 Swelling tests 
The following table compares the maximum swelling of  Nafion and composite membranes.  
 
Due to its hygroscopic nature H3 increases significantly, as expected, the water uptake.  A compromise 
must be found between, on the one hand, conductivity and storage modulus improvements and, on the 
other hand, the maximum swelling. 
 
3.5 Polarization curves 
The polarization curves were performed for Nafion 117, Nafion lab, and for the membranes filled by 5, 
10, 15 and 20% H3. At temperatures ൑ 50°C the best performances were obtained with the composite 
Nafion lab + 20% H3. However the performances of this membrane sharply decrease above 50%. This 
can be related to the too high water swelling of the membrane. Figure 3 compares the polarization curves 
obtained at 30 and 80°C for Nafion 117 and the composite Nafion lab + 10% H3. 
 
Figure 3: polarization curves 
In order to avoid the thickness impact, the curves have been normalized at the same thickness. At 30°C 
there is a neat advantage for the composite membrane. At 80°C, a very slight advantage for Nafion 117 
can be observed until ~0.5 A.cm-2 while, conversely, the performances of the composite membrane, 
which are higher above this current density, seems to indicate that mass transport is favoured in 
composite membranes.  
Membrane Maximum swelling %
Nafion 5% en H3 22.7
Nafion 10% en H3 32.5
Nafion 15% en H3 38.6
Nafion 20% en H3 43.8
Nafion Dupont 16.8 
Nafion Lab 19.7 
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4. Conclusion 
Composite Nafion membranes based on H3 fillers appear from their conductivities and thermomechanical 
performances as promising membranes for PEMFC. The preliminary results of MEA tests confirm this 
optimism. Additionally, the decrease in membrane thickness allowed by the reinforcement induced by H3 
should cut the membrane cost.  
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